United States Patent (19
Weerackody et al.

SO YR 00 0 RJ  0

USO05581481A
111 Patent Number:
[45] Date of Patent:

5,581,481
Dec. 3, 1996

[54] SYSTEM FOR STORAGE AND RETRIEVAL
OF JPEG IMAGES

[75] Inventors: Vijitha Weerackody, Watchung; Yong
Zhou, Washington Township, both of
N.J.

[73] Assignee: Lucent Technologies, Inc., Murray
Hill, N.JI.

[21] Appl. No.: 479,288
[22] Filed: Jun. 7, 1995

Related U.S. Application Data -

62] Division of Ser. No. 422,409, Mar. 31, 1995.

(51] Inte CLO oot G11B 5/09
52] US.CL .. 364/514 R; 341/50; 360/40;
382/232; 382/305
[58] Field of Search ............................ 364/514 A, 514 R;
341/50; 360/40; 382/232, 305; 371/2.1,
67.1

[56] References Cited

U.S. PATENT DOCUMENTS
53,349,348 9/1994 Anderson et al. ...cooeuememenneeenn... 341/51
5,375,068 12/1994 Palmer et al. ..ccccevvevevisivemnnnn. 364/514
5,392,362 2/1995 Kimura et al. ......vvveereenenneens reenann 382/9
558

.

FROM RECEIVER

OTHER PUBLICATIONS

Butler et al., “A Multi-Level Video CODEC for Networks
Distribution in the Presence of Errors”, Sep. 1994.

Matoba et al., “Still Image Transmission Using Unequal
Error Protection Coding in Mobile Radio Channel”, Mar.
1995, Abstract only.

Yu et al., “Comparison Study of Unequal Error Protection
Methods for One Dimensional Signal Constellation”, Jan.

1995, Abstract only.

Primary Examiner—Emanuel T. Voeltz
Assistant Examiner—Patrick J. Assovad

[57} ABSTRACT

The present invention is a storage and retrieval system for
JPEG images. In one illustrative embodiment the system
includes an apparatus for storing a JPEG image in or on a
storage medium with unequal error protection, comprising a
separator for separating the JPEG image into Type-I and
Type-1I information, an error correction encoder for encod-
ing the Type-I information with more error protection than
the Type-1l information, and a storage recorder for recording
the encoded Type-I and Type-II information in or on the
storage medium. The system further includes an apparatus
for reading the encoded Type-I and Type-II information
from the storage medium.

4 Claims, 29 Drawing Sheets
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Nondifferential Huffman Coded Frames

CODE LENGTH DESCRIPTION

‘

Progressive DCT
Oxffc3 . Lossless (sequential)

Differential Huffman Coded Frames

CODE LENGTH DESCRIPTION |

Oxffc9 Extended sequential DCT

Oxffcb Lossless {sequential)

Differential Arithmetic Coded Frames

CODE LENGTH DESCRIPTION

Oxffcd Differential sequential DCT
Differential progressive DCT
Oxfict Differential lossless

FIG. 2
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CODE |LENGTH ~ DESCRIPTION
OxffO1 N For temporary use in arithmetic coding

Oxff02- |U Reserved

Oxffbf - '
Define Huffman table(s)

Oxffc4

Oxffc8 Reserved for PEG_ extensions *

Oxffcc Define arithmetic conditioning table(s)
OxffdO- Restart with modulo 8 canter
Oxffd7

Oxffd8 Start of image

OxffdS End of image

Oxffdb '

Oxffdc
Oxffdd
Oxffde

Oxtfdf

Define quantization table(s)

Define number of lines

OxffeO-

Reserved for application use
| Oxffef
[OxfffO- U Reserved for JPEG extensions
Oxfffd |

FIG. 3
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1

SYSTEM FOR STORAGE AND RETRIEVAL
OF JPEG IMAGES

This is a divisional of copending application Ser. No.
08/422,409 filed on Mar. 31, 1995.

FIELD OF THE INVENTION

The present invention relates generally to the field of
communications, and particularly to JPEG image transmis-
sion over wire or wireless communication channels.

BACKGROUND OF THE INVENTION

JPEG is the international standard for still image com-
pression. JPEG stands for the Joint Photographic Experts
Group—the group which developed the international stan-
dard. A complete description of the JPEG standard is given
in W. B. Pennebaker, J. L. Mitchell, JPEG Still Image Data
Compression Standard (Van Norstrand Reinhoid, N.Y.
1993).

JPEG images are very sensitive to transmission errors.
This sensitivity requires transmission over an almost error-
free channel. To maintain an error-free channel involves
advanced error correction coding techniques and/or retrans-
mission of those portions of a JPEG image which are
received in error. |

Both protocols result in decreased channel throughput.
For the error correcting protocols, bandwidth that could
otherwise be used for transmitting the JPEG image 1is
allocated for transmitting the redundancy bits of an error
correction code. In the case of retransmission, the time that
could otherwise be used to transmit another JPEG image, or
at least more of the same JPEG image as a function of time,
is allocated to retransmitting the erroneous portions of the
JPEG image.

There is a need for a transmission method and system that
can more efficiently use the scarce resources of a commu-
nication channel to transmit JPEG 1mages.

SUMMARY OF THE INVENTION

The present invention provides a transmission method and
system that more efficiently uses a communication channel
to transmit JPEG images, and thereby increases the channel
throughput. The present invention does this by separating
the JPEG image into different types of information based on
the sensitivity of each type of information to transmission
errors, and then transmits the different types of information
with unequal error protection.

One illustrative embodiment of the present invention is an
apparatus comprising a separator for separating the JPEG
image into Type-I and Type-1I information and a transmitter
for transmitting the Type-I information with more powerful
error protection than the Type-1I information.

The Type-I information, typically representing less than
10% of the JPEG image data, is the most error sensitive
information, requiring an almost error-free channel for reli-
able data communication. The Type-II information, repre-
senting the remainder of the JPEG image, i1s the least
sensitive, requiring less powerful error protection or none at
all. Providing the Type-II information with less powerful
error protection, or no error protection at all, increases the
throughput and efficiency of the communication channel.

Another illustrative embodiment of the present invention
may provide even further improvement in channel through-
put and efficiency. This embodiment of the present invention
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comprises a separator for further separating the Type-I
information into Type-IA and Type-IB information and a
transmitter for transmitting the Type-IA information with
more powerful error protection than the Type-IB informa-
t1omn.

Further illustrative embodiments of the present invention
are provided for receiving, processing, and combining the
transmitted Type-I and Type-II information in a manner
suitable for the data sink.

Additional i1llustrative embodiments of the present inven-
tion include different error protection protocols for provid-
ing unequal error protection to the different types of infor-
mation in a JPEG image.

Stiil further illustrative embodiments of the present inven-
tion incorporate novel antenna diversity schemes for trans-
mitting JPEG images over slow fading channels.

Other illustrative embodiments of the present invention
provide an improved storage system for JPEG images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of a typical JPEG compressed
image.

FIG. 2 is a table listing the start of frame markers in a
JPEG image.

FIG. 3 1s a table listing the other, non-start of frame
markers in a JPEG image.

FIGS. 4A-4C are tables listing the first 300 4-byte hexa-
decimal words in a typical JPEG image.

FIGS. 5A-5F show illustrative embodiments of the
present invention using an ARQ feedback channel.

FIGS. 6A—6C illustrate multiplexed Type-I and Type-iI
information packets of a JPEG image transmitted using the
present invention,

FIGS. 7A-TI show illustrative FEC embodiments of the
present invention without an ARQ feedback channel.

FIGS. 8A-8C show illustrative embodiments of the
present invention using a hybrid ARQ feedback channel.

FIGS. 9A-9D show illustrative storage embodiments of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The Structure of a JPEG Still Image

JPEG compressed image data contains two classes of
segments: entropy coded segments and marker segments.
Entropy coded segments contain the entropy coded (e.g.,
Huffman or arithmetic coded) image data, and the marker
segments contain header information, transformation and
quantization tables, and other information required to inter-
pret and decode the entropy coded image data.

FIG. 1 shows the structure of a typical JPEG coded image
50. A start of image marker 10 and marker segments 10A
begin one or more image frames 20 (i.e., the compressed
image data stream), and an end of image marker 30 termi-
nates the image frame or frames. The marker segments 10A
define quantization tables, entropy-coding (transformation)
tables, and other miscellaneous parameters.

A frame header 22 and marker segments 22A are gener-
ated at the beginning of each image frame 20. The {rame
header 22 begins with a start of frame marker followed by
parameter values needed for decoding the frame. For
example, the frame header defines the basic attributes of the
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image, including image size, number of image components,
the mode of compression, and the entropy coder used within
the frame. Like the marker segments preceding the image
frame, marker segments 22A also define quantization tables,
entropy coding (transformation) tables, and other miscella-
Neous parameters.

Each image frame 20 is composed of one or more scans
23 through the image data, where a scan is a single pass
through the data for one or more components of the image.
The components of each scan are grouped into one or more
entropy coded segments 23B which are separated by restart
markers 23C. The components in each entropy coded seg-
ment are further grouped into one or more minimum coded
units (“MCUs”) generally representing 16x16 blocks of the
image.

Appended to the beginning of each scan in an image
frame 20 1s a scan header 23A. The scan header 23A begins
with a start of scan marker followed by parameter values
needed for decoding the scan, such as the number of
components 1n the scan and the scan component specifica-
tion,

Marker segments begin with a “marker” which is a
two-byte hexadecimal code or word. The first byte is always
a byte-aligned Oxif (Ox representing that the bytes in the
image data stream are in hexadecimal form and the hexa-
decimal byte ff signifying a marker). The second byte is a
“marker code” which identifies the function of the marker
segment. The second byte is always a non-zero byte. For
example, the start of tmage marker is 0xffd8 and the end of
image marker is 0xffd9. In both cases, the byte fI denotes a
marker, and the marker codes d8 and d9 identify the markers
as the start of 1image and end of image markers, respectively.

The tables 1in FIGS. 2 and 3 list the markers in a JPEG
image: the table in FIG. 2 includes the start of frame markers
(defining the entropy encoding procedure used), and the
table 1in FIG. 3 includes all of the other, non-start of frame
markers. These markers fall into two categories: those
without parameters, and those followed by a fixed, unde-
fined, or variable length sequence of parameters.

A “V” notation in the length column of the tables in FIGS.
2 and 3 represents a variable length parameter with a known
structure; an "N notation in the length column represents
that no parameter sequence follows the marker; a “U”
notation in the length column represents that the parameter
sequence 1s undefined; and a numeric notation in the length
column represents a fixed number of parameter bytes fol-
lowing the marker. For example, in FIG. 3 the restart marker
Ox1fd0 has no parameters; the parameters of the define restart
interval marker Oxffdd are contained in the 4 bytes imme-
diately following Oxfidd; and the start of scan marker Oxffda
contains a variable-length parameter sequence.

The first parameter in any marker segment is always a
two-byte code representing the length of the parameter
sequence. For example, a two-byte code 0x0043 following
the quantization table marker Oxfidb would represent that
there are 67 parameter bytes following the marker, including
the two-byte length parameter.

Markers with parameters following them are generally
referred to as marker segments but the terms are used
interchangeably in this application.

Effect of JPEG Image Transmission Errors

The JPEG 1mage 1s very sensitive to transmission errors.
Applicants have determined that some portions of the JPEG
1Image are more sensitive to transmission errors than others.
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Specifically, the marker segments have been determined to
be more sensitive than the entropy coded segments. And
among the marker segments, the restart markers have been
determined to be less sensitive than the other markers.

The sensitivity of the JPEG image to transmission errors
is illustrated using the first 300 4-byte words of a JPEG
image shown in FIGS. 4A—4C. A single bit error in the start
of image marker Oxfid¥ (Word No. 1) will destroy the image
completely, such as, for example, where the start of 1image

marker 1s converted to an end of image marker OxfId9.
Similarly, a single bit error in the quantization table marker
Oxfidb (Word No. §5) will have disastrous results. For
example, if a single bit error converts Ox{Idb to start of frame
marker Oxficb or Oxiida the entirc image will be lost.

As mentioned above, errors in the restart markers will
generally not result in loss or severe degradation of the
image because there 1s a restart marker separating each of
the entropy coded segments (or portions) of the image. For
example, in FIGS. 4A-4C, each entropy coded segment
represents only one MCU or 16x16 block of image pixels.
If the restart marker Oxfid3 (Word No. 216) in FIG. 4 is
changed by one bit to Oxffd2, another restart marker, the
JPEG decoder will not decode the 16x16 block of image
data (Word Nos. 217-233) following the erroneous
marker—but that will not effect the JPEG decoder’s ability
to decode the rest of the image.

Finally, entropy coded segments are the least sensitive to
single bit errors during transmission, and that is because they
only represent portions or blocks of the image.

The present invention categorizes the JPEG image data by
its relative sensitivity to transmission errors. The marker
segments are defined as Type-1 information and the entropy
coded segments are defined as Type-II information. The
Type-1 marker segments can be further categorized based on
their relative sensitivity to transmission errors. In this
regard, because the restart markers are less sensitive to
transmission errors than the other markers, they are defined
as Type-IB information and the other markers are defined as
Type-IA information.

The transmission protocol of the present invention takes
into account the sensitivity of each of the different types of
information and uses different levels of error protection
(“unequal error protection™) for the different types of infor-
mation. The highest protection is applied to the Type-IA
information—which has the highest sensitivity to transmis-
sion errors. The same or a lesser level of protection is
applied to the Type-IB information. Finally, the lowest level
of error protection 1s applied to the Type-II information—the
least sensitive of the three types of information.

Applying unequal error protection serves to reduce the
overhead or bandwidth (i.e., the number of redundant bits)
required for error protection, and thereby increases the
throughput of the transmission system and more efficiently
uses the communication channel. These advantages can be
more fully appreciated by considering the relative contribu-
tions of each type of information to the JPEG image. The
most important type of information, the Type-IA informa-
tion, typically takes up less than 1% of the JPEG image data
stream, and the Type-IB information typically takes up only
5-10% of the JPEG image data stream. The rest of the JPEG
image data stream consists of the least error sensitive
Type-1I information.

Automotive repeat request (ARQ), forward error correc-
tion (FEC), and hybrid ARQ protocols are common error
protection protocols for reliable data communication. ARQ
protocols use a feedback channel to request retransmission
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ol erroneous data packets and thereby provide a relatively
error-free channel. FEC protocols operate without a feed-
back channel but use powerful channel codes in an attempt
to correct the transmission errors at the receiver. In sum,
ARQ protocols provide more powerful error protection, but
less efficient error protection than FEC protocols. Hybrid
ARQ protocols, on the other hand, combine the features of
the FEC and ARQ protocols to provide reliable and efficient
error protection.

The power of an error protection protocol is usually
measured by its minimum “free distance,” which is a term
known to those of ordinary skill in the art. The greater the
free distance of an error protection protocol the more pow-
erful the error protection. Error protection power may also
be measured by the average bit error rate (BER) for the same
signal-to-noise ratio (SNR),but only if the BER is relatively
constant over time. The smaller the BER of an error pro-
tection protocol the more powerful the error protection.

Stop and Wait ARQ is one form of ARQ protocol. The
transmitter appends parity check bits to the packets of data
to be transmitted. The parity check bits enable the receiver
to detect errors 1n the data packets. Many error detection
coding techniques are known to those of ordinary skill in the
art, including, for example, CRC-16, which is a 16-bit cyclic
redundancy error detection code.

Following the transmission of each data packet over a
forward communication channel, the transmitter waits for a
positive or negative acknowledgement (ACK or NAK) from
the receiver. If no error is detected in the data packet, the
received data packet is delivered to the data sink and a
positive acknowledgement is sent back to the transmitter,
which, in response, sends the next data packet to the
receiver, If, on the other hand, an error 1s detected in the
received data packet, the receiver discards the data packet
and a negative acknowledgement is sent to the transmitter
which, 1n response, re-sends the same data packet.

As mentioned above, the FEC protocols do not use an
ARQ feedback channel. The transmitter introduces redun-
dancy into the data stream to allow the receiver to correct
errors 1n the erroneous data packets. FEC codes usually fall
into two general categories: (i) block codes and (ii) convo-
lutional codes.

With convolutional codes, the encoder loads the bits from
an incoming data stream into a tapped shift register and
encodes each bit as it is loaded into the first position in the
shift register. The encoding process involves combining the
bit to be encoded with certain of the preceding bits in
subsequent memory positions using modulo 2 addition.

The power of a convolutional code i1s determined by the
“rate” and “memory’’ of the code. The “rate” 1s the number
of bits output from the encoder for each bit input to the
encoder. For example, a rate %2 convolutional encoder out-
puts two bits for every bit input to the encoder. The
“memory” determines how many of the preceding bits are
used in encoding the current data bit; 1f four preceding bits
in the data stream are used, the memory for the convolu-
tional code is 4. In sum, the higher the rate and/or the larger
the memory, the more powerful the convolutional code.

A block code, 1n contrast to a convolutional code, encodes
blocks of bits rather than individual bits. The size of the
tapped shift register for a block encoder 1s determined by the
size of the block of bits to be encoded.

A repetition code 1s one form of block code. Repetition
codes send multiple copies of the same data packet. The
error protection power of the repetition code increases with
the number of copies of the packet that are sent.
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Finally, Hybrid ARQ schemes use an ARQ protocol with
a FEC code to detect and correct errors. In one hybrid ARQ,
an erroneous data packet is re-sent only if 1t cannot be
corrected by the FEC code. In another type of Hybrid ARQ
scheme, the 1nitial transmission 15 coded for error detection
only and parity bits tor error correction are transmitted only
when necessary. The error protection power of a hybrid
ARQ would typically fall some where between the error

protection power of pure ARQ protocols and that of pow-
ertul FEC protocols. -

Those of ordinary skill in the art will understand from the
above discussion that there are numerous ways to embody
the unequal error protection of the present invention. The
chosen embodiment for a particular application depends,
among other things, on the bit error rate (BER) of the wire
or wireless communication medium and the acceptable BER
for the information being transmitted.

For example, when a feedback channel i1s available, a
relatively error free ARQ protocol may be used to transmit
the Type-I information, without any error protection for the
Type-1I information which can handle the 10~ BER often
associated with a wireless medium. Alternatively, a less
powerful FEC code may be used for the Type-II information.

If no ARQ feedback channel 1s available, a repetition type
FEC code may be used for the Type-1 information with no
error protection for the Type-II information. Alternatively,
one non-repetition FEC code (e.g., a convolutional code
with rate 3 and memory 4) may be used for the Type-I
information and another, less powerful non-repetition FEC
code (e.g, a convolutional code with rate Y2 and memory 4)
may be used for the Type-II information.

Other embodiments may use a hybrid ARQ feedback
channel. In these embodiments a FEC code may be used in
an attempt to correct the Type-I information first before
using the ARQ feedback channel to request re-transmission.

Additional embodiments of the present invention may
also use the above unequal error protection schemes to

separately protect the Type-IA and Type-IB information.

Still further embodiments of the present invention 1ncor-
porate novel antenna diversity techniques from a Weerack-
ody patent and other Weerackody patent applications for
transmitting JPEG images over slow fading wireless chan-
nels.

Other illustrative embodiments of the present invention
ar¢ presented at the end of this application for a storage
system for JPEG images.

‘For clarity of explanation, the illustrative embodiments of
the present invention set forth below are presented as
functional blocks. The functions these blocks represent may
be implemented with shared or dedicated hardware, includ-
ing, but not limited to, hardware capable of executing
software. Illustrative embodiments may comprise digital
signal processor hardware, such as the AT&T DSP16 or
DSP32C, and software pertorming the operations discussed
below. Very large scale integration (VLSI) hardware
embodiments of the present invention, as well as hybrd
DSP/VLSI embodiments, may also be provided.

[llustrative Embodiments with ARQ Feedback

An illustrative embodiment of the present invention is
shown in FIGS. 5A and 3B. This embodiment of the present
invention uses a Stop and Wait ARQ protocol for the Type-I
information and no error protection for the Type-lI infor-
mation. It will be readily apparent to one of ordinary skill in
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the art that other embodiments may use other ARQ protocols
(such as Seclective-Repeat ARQ and Go-back-N ARQ) for
the Type-I information and a less powerful FEC or ARQ
protocol for the Type-1I information.

FIG. 5A shows a transmitter 55 and FIG. 5B shows a
receiver 56 according to the present invention. The trans-
mitter in FIG. 5A comprises a separator 61, an error detec-
tion encoder 62, modulators 63 and 80, a multiplexer 64, and
a repeat controller 92. For wireless applications, the trans-
mitter may also include one or more antennas and associated
{ransmission Circuits.

The receiver 56 in FIG. 5B comprises a demultiplexer 66,
demodulators 67 and 81, a decoder 68, a combiner 69, and
a repeat generator 90.

In general, the transmitter in FIG. 5A receives a JPEG
image from data source 60, such as, for example, a JPEG
encoder and transmits the JPEG image over the forward
channel 65 to the receiver 56 in FIG. 5B. The forward
channel 65 can be a wire or wircless communication
medium. The transmitter sends the JPEG image over the
forward channel 65 in packets as illustrated in FIGS. 6A and

6B.

At the receiver, the JPEG 1mage information packets are
processed and, if no errors are detected, they are transierred
to the data sink 70, which may be, for example a JPEG
decoder. If an error is detected in any of the data packets a
request for retransmission 1s sent by repeat generator 90 to
transmutter 85 over the feedback channel 91 shown in FIG.
5B. Like the forward channel, the feedback channel may be
a wire or wireless communication medium.

In more detail, a separator 62 according to the present
invention separates the most sensitive Type-I JPEG infor-
mation from the less sensitive Type-II information, as dis-
cussed above. The separator 62 may be, for example, a
digital signal processor (DSP) with suitable software for
separating the JPEG image into Type-l and Type-II infor-
mation, or further into Type-IA, Type-IB, and Type-II infor-
mation.

The following is one example of how a DSP may be
programmed to separate the Type-I information from the
Type-II information for a single frame, single scan JPEG
tmage. Other methods not discussed below will be readily
apparent to those of ordinary skill in the art for JPEG images
having one or more frames 20 and one or more scans 23.

The DSP in this example examines the incoming bytes of
the JPEG 1mage for the hexadecimal byte ff, which denotes
a marker. If an {f byte is detected, the DSP examines the next
byte in the data stream, namely the marker code which
describes the function of the marker. The purpose here is to
determune whether the marker also includes a segment of
parameters which will follow the marker in the data stream.

For example, if the next byte is hexadecimal d8, the DSP
knows that the marker 1s a start of image marker which has
no parameters, as shown in the table in FIG. 3. In this case,

the DSP separates the entire two-byte marker (fid8) from the
JPEG stream.

If, however, the next byte is hexadecimal db, the DSP
knows that the marker 1s a define quantization table marker
(itdb) which has a variable length sequence of parameters
following 1t in the data stream. As discussed above, markers
with parameters following them are usually called marker
segments.

In the case of a marker segment, the DSP examines the
next two bytes in the data stream after the two-byte marker
to determine the number of parameter bytes following the
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marker. The DSP then separates the two-byte marker and 1ts
parameter bytes from the JPEG data stream.

If a byte is not determined to be a marker or marker
scgment it is considered Type-II entropy coded information
and sorted as such from the JPEG data stream.

In addition to separating the Type-I information from the
Type-II information, the DSP also appends certain position
information to the Type-l information so that the JPEG
image structure can be re-created at the receiver. Various
ways of doing this for one or more image frames 20, and one
or more scans 23, will be readily apparent to those of
ordinary skill in the art.

For example, as shown in FIG. 1, in a typical single frame,
single scan JPEG image, all of the Type-I markers and
marker segments occur before the Type-II entropy coded
segments, with the exception of the Type-l restart markers
and the end of 1mage marker. Therefore, in a typical single
frame, single scan JPEG image, only the positions of the end
of image marker and restart markers need to be forwarded to
the receiver.

One way the DSP can code the positions of the end of
image marker and the restart markers is to keep a running
count of the number of bytes in the JPEG data stream and
use the byte number of the first restart marker (ffd0) as the
starting position for the modulo 8 sequence of restart mark-
ers. For example, if the first restart marker (fId0) is the 300th
byte in the data stream, then its byte number 1s 300.

Once the byte number of the first restart marker 18
determined, the DSP can identity the relative byte positions
of the remaining restart markers in the modulo 8 sequence
(ffd1-ttd7). Specifically, the DSP may assign a byte number
to each subsequent restart marker which corresponds to the
number of entropy coded bytes between it and the previous
restart marker.

With respect to the end of 1mage marker, the DSP may
identify its position by its byte number in the data stream. If
there are 400 bytes in the JPEG i1mage, then the position of
the end of image marker will be 400.

In an alternative embodiment, the positions of the Type-
IB restart markers are transmitted to the receiver without the
restart markers themselves. This 1s because the restart mark-
ers occur in a known predetermined pattern (modulo 8

sequence; Oxiid0O, Oxtidi, Oxfid2, Oxiid3, Oxttd4, Oxirds,
Oxffd6, and 0xffd7) which can be generated at the receiver.

Continuing with the detailed explanation of the transmit-
ter 33 1n FIG. SA, once separated from the Type-II infor-
mation, the Type-l1 information is encoded by an error
detection encoder 62. The encoder forms Type-I information
packets using error detection coding techniques known to
those of ordinary skill in the art. A suitable error detection
encoder for wire or wireless applications is a CRC-16
encoder which appends a 16-bit error detection code to the
Type-I information packets.

The encoded Type-I information packets are then modu-
lated by the modulator 63 for transmission over forward

channel 65. Any suitable modulator may be used, such as,
for example, a 4-DPSK modulator.

The Type-1l information packets are not coded in this
illustrative embodiment. The Type-II information packets
are passed along a separate transmitter channel to a second
modulator 80 where they are modulated for transmission
over forward channel 65. As will be explained in more detail
below, the Type-II information packets may be coded using
a less powerful FEC coding technique, if desired or needed
for a particular application.
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The modulated Type-I and Type-II information packets
may also be multiplexed over the forward channel by
multiplexer 64. The purpose behind multiplexing the Type-I
and Type-II information 1s to take advantage of the time slots
(t, in FIG. 6A) left idle after each Type-I packet transmis-
sion, during which the transmitter waits for a positive or
negative acknowledgement from the receiver. FIG. 6A
shows one example of a flow of multiplexed Type-I and
Type-H information packets over a communication medium.
In FIG. 6A, the multiplexer multiplexes L Type-II informa-
tion packets in between Type-1 information packets. L can be
iixed or variable. In addition, more than one Type-I packet
can be transmitted after each group of L Type-II packets, as
shown in FIG. 6C.

It will be readily apparent to those of ordinary skill in the
art that a single encoding channel may be used for trans-
mitter 55. It will also be readily apparent to those of ordinary
skill in the art that the placement of the multiplexer 64 in
transmitter 55 is only illustrative. For example, the multi-
plexer 64 may be placed in advance of the modulation so
that a single modulator may be used for both the Type-I and
Type-11 information as shown in FIG. 7G.

Continuing with the packet flow, the multiplexed Type-I
and Type-II information packets travel over the forward
channel 65 to a complementary receiver 56 in FIG. 5B for
processing. The demultiplexer 66 in FIG. 5B serves to direct
the multiplexed Type-I and Type-lI information packets
along separate channels in the receiver 56 for processing by

circuitry associated with the type of error protection each
type of information is afforded.

The Type-I information packets are then demodulated by
demodulator 67. Any suitable demodulator may be used,
such as, for example, a 4-DPSK demodulator. A suitable
error detection decoder is a CRC-16 decoder.

Once demodulated, the Type-I information packets are
decoded by error detection decoder 68. Among other things,
decoder 68 functions to re-calculate the error detection code
for each information packet and compare it to the error
detection code transmitted with the Type-I information
packet. If the two codes match, presumably there 1s no error
in the transmitted packet. If the two codes do not match,
there is at least one error in the transmitted packet.

If an error is found, the packet 1s normally discarded, and
a request to re-send the packet 1s sent over the feedback
channel 91 by the repeat generator 90 in the form of a
negative acknowledgement (NAK). The repeat controller 92
shown 1n FIG. 5A responds to this request by re-sending the
same packet. Each packet may be stored before transmission
in a buffer or other suitable memory device. For purposes of
illustration, the packet stream in FIG. 6B shows the same
Type-I information packet (packet 1) being re-sent.

If no error is found, the Type-I information packet is
forwarded to combiner 69, and this time a positive acknowl-
edgement (ACK) is sent by the repeat generator 90 over the
feedback channel to the transmitter 55. In response to the
positive acknowledgement, the repeat controller 92 sends
the next data packet, as illustrated in FIG. 6A.

Turning to the Type-II information packets, they are also
demodulated, but by de-modulator 81. Because the Type-II

information packets in this example of the present invention

have not been encoded with any error detection or correction
code, they are sent directly to the combiner 69 after being
demodulated.

The combiner 69 combines the Type-I and Type-II infor-
mation packets into a structure suitable for the data sink 70,
which normally will be the JPEG structure shown in FIG. 1.
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The combiner 69 may be a digital signal processor (DSP)
which is programmed to combine the Type-I and Type-ll
information.

For example, the DSP may be programmed to place the
first restart marker and the end of image marker at their
respective byte number posttions in the data stream. Each of
the other restart markers 1s placed at a byte position relative
to the preceding restart marker. As discussed above, the
relative position of each restart marker was coded by sepa-
rator 62 as the number of Type-1I information bytes after the
preceding restart marker. Finally, if only the positions of the
restart markers are sent, the DSP may also be further
programmed to generate the modulo 8 sequence of restart
markers at the coded relative byte positions.

In another illustrative embodiment of the present inven-
tion the transmitter 55 and receiver 56 in FIGS. 5A and 5B,
respectively, are modified to include an error correction
encoder-decoder pair 78, 83 for encoding the Type-II infor-
mation with a suitable, less powerful FEC code, such as, for
exampie, a rate Y2, memory 4 convolutional FEC code. In

addition, a block interleaver-deinterleaver pair 79, 82 is also
included. This embodiment is shown in FIGS. 5C and 5D.

A transmitter 55A 1s shown 1n FIG. 5C. As discussed
above, the transmitter 55A 1s basically the same as the
transmitter 55 in the FIG. SA embodiment, with the excep-
tion of error correction encoder 78 and block interleaver 79,
which have been added to the Type-11 channel.

The error correction encoder 78 (otherwise known to
those of skill in the art as a channel encoder or channel
coder) encodes the Type-II information with a rate ',
memory 4 convolutional code to improve the signal trans-
mission performance of the Type-II information packets.

The block interleaver 79 writes the bits of each encoded
Type-I packet into an mxn memory matrix in a column-wise
fashion and reads the bits out row-wise. Therefore, if a burst
error of Iength n were to occur, the interleaver would
function to effectively convert the burst error 1nto single bit
errors, which are much easier to correct. In sum, the inter-
leaver serves to randomize the burst errors, which is espe-
cially helpful on slow fading wireless channels.

A receiver 56 A 1s shown in FIG. 5D. As discussed above,
the receiver 56A is the same as the receiver 56 shown in FIG.
5B, with the exception of de-interleaver 82 and error cor-
rection decoder 83.

The de-interleaver 82 performs the inverse operation of
the interleaver 79. The bits from the incoming Type-II

information packets are stored row-wise in an mxn memory
matrix and read out column-wise.

The error correction decoder 83 in this embodiment will
normally use the Viterbi algorithm with soft decisions to
decode the received Type-II information, but other algo-
rithms known to those of ordinary skill in the art may also
be used.

In still another alternative embodiment of the present
invention using ARQ feedback, the Type-I information is
separated into Type-IA and Type-IB information and the
Type-IA information is provided with more powerful error
protection than the Type-IB information. An example of
such an embodiment is shown 1n FIGS. 5E and SE.

In this embodiment, the separator functions to separate
the JPEG image into Type-IA, Type-1B, and Type-II infor-
ation, and the combiner functions to combine all three
types of information into a JPEG structure suitable for the
data sink 70.

In this embodiment, the separator DSP may be pro-
grammed to further separate the Type-I information into
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Type-1A and Type-IB information. For example, the DSP
may scparate or sort the restart markers from the other
Type-I markers using the second byte of each marker which
identifies i1ts function. As shown in the table in FIG. 2, if the
byte after the I byte is d0-d7, the marker 1s a restart marker
and the DSP will separate it from JPEG data stream as
Type-IB information. Position information may be coded by
the separator as already described.

The combiner DSP, in turn, may combine all three types
of information in the manner described above.

As shown in FIG. SE, the transmitter 55A of FIG. 5C,
(now transmitter 55B) has been modified to include an
additional encoding channel for processing the Type-IB
information. The Type-IA information 1s still processed
along the same ARQ-based channel as the Type-1 informa-
tion in FIGS. 5A and SC. The Type-IB channel of transmitter
558 includes an error correction encoder 78A, a block
interleaver 79A, and a modulator 80A, corresponding to the
encoder 78, block interleaver 79, and modulator 80
described in FIG. 5C for the Type-II information. Moreover,
by way of example only, error correction encoder 78 A uses
the same less powerful, convolutional code as used by
encoder 78 for the Type-lI information, namely a rate 2,
memory 4 convolutional code.

As shown in FIG. 5F, the receiver 56A of FIG. 5D, (now
receiver 5S6B) has been modified to include a separate
decoding channel for the Type-IB information, with the
Type-1A 1information still being decoded on the same Type-I
channel shown in FIGS. 5B and 3D. Specifically, the Type-
IB channel includes a demodulator 81A, a block interleaver
82A, and an error correction decoder 83A. The decoding
process for the Type-IB information is the same as the
decoding process used for the Type-Il information because
the same convolutional code was used for both the Type-IB
and Type-II information in this illustrative embodiment. As
mentioned above, the decoding process normally uses the
Viterbi algorithm.

Nlustrative FEC Embodiments Without ARQ
Feedback

FIGS. 7A and 7B show one illustrative embodiment of the
present invention which does not use an ARQ protocol for
the Type-I information packets. This illustrative embodi-
ment uses a simple repetition-type FEC protocol 1instead.
There 1s no feedback channel in this embodiment for re-
transmitting an erroneous Type-I information packet. More-
over, this embodiment of the present invention i1s adapted for
use in a wireless environment, but 1t will be understood by
those of ordinary skill in the art that this embodiment can be
readily adapted for use in a wire environment.

FIG. 7A shows a transmitter 95 suitable for use with this
cmbodiment and FIG. 7B shows a receiver 96 suitable for
receiving and processing JPEG information packets trans-
mitted using a repetition protocol.

The transmitter 95 in FIG. 7A includes, by way of
example only, a separator 101, an error correction encoder
102, 4-DPSK modulator 104, a 4-DPSK modulator 122, a
multiplexer 105, transmission circuitry 106A (comprising
conventional carrier, pulse-shaping, and power amplifica-
tion circuitry), and an antenna 106B.

The receiver 96 shown in FIG. 7B includes, by way of
example, an antenna 106C, conventional front-end receiver
circuits 106D (comprising, for example, low noise amplifi-
ers, REF/IF band-pass filters, and a match filter), demulti-
plexer 107, and 4-DPSK demodulator 108.

In this embodiment, each Type-I packet is sent K times,
giving rise to a 1/K repetition type code, where K is a
predetermined number. The Type-II information packets, on
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the other hand, are only transmitted once, giving rise to
unequal error protection for the Type-I and Type-II infor-
mation packets, with more powerful error protection being
provided for the Type-I information packets than the Type-11
information packets.

A JPEG image is input from the data source 100 to the
separator module 101 which separates the JPEG information
into Type-I and Type-II information. A predetermined num-
ber of copies (K copies) of each Type-I information packet
arec formed by the error correction encoder 102. The-en-
coded Type-I information packets ar¢ modulated by the
4-DPSK modulator 104 for transmission over a wireless
communication medium by way of transmission circuits

106 A and antenna 106B.

As mentioned above, the Type-II information packets are
not protected against errors. Rather, the Type II information
packets are modulated as is by the second 4-DPSK modu-
lator 122 and multiplexed with the modulated Type-I infor-
mation packets by muitiplexer 105.

The multiplexed Type-I and Type-II information packets
are then transmitted across the wireless medium to receiver
96 via transmission circuit 106A and antenna 106B. FIG. 6B
shows the multiplexed Type-I and Type-II information pack-
ets assoctated with a repetition code calling for two copies
of each Type-I information packet. In this embodiment, L
(fixed or variable) Type-II information packets are transmit-
ted between one or more Type-I information packets, pro-
viding some limited time diversity.

Antenna 106C and receiver circuits 106D in receiver 96
capture the multiplexed Type-I and Type-II information
packets. Once received, the Type-1 and Type-II information
packets are demultiplexed for processing along separate
channels, although one of ordinary skill in the art will
understand that other embodiments may use only a single
decoding channel.

The Type-I information packets are de-modulated by the
first de-modulator 108 and stored in a buffer or other suitable
memory device for combining by the correction decoder
110. Any suitable algorithm for combining the K copies of
each Type-I information packet may be used.

As for the Type-II information packets in this embodi-
ment, they are also de-modulated, but by a second 4-DPSK
de-modulator 123, after which, they are transmitted directly
to combiner 111 to be combined with the Type-I information
packets for the purpose of formatting the Type-I and Type-II

information packets with a JPEG structure suitable for data
sink 112,

An alternative embodiment may include, for example, the
error correction encoder-decoder pair 78, 83 shown in FIGS.
SC and 3D to encode the Type-1I information with a less
powerful non-repetition FEC code, such as the rate 4,
memory 4 convolutional code mentioned above. In this
embodiment, the Type-1 information may be coded, for
example, with a more powerful non-repetition FEC code,
such as a rate '3, memory 4 convolutional code. The
interleaver-deinterleaver pair 79, 82 shown for the Type-II
information in FIGS. 5C and 5D may also be used for the
Type-I information channel in the transmitter and receiver,
respectively.

This alternative embodiment is shown in FIGS. 7C and
7D. FIG. 7C shows a transmitter 95A and FIG. 7D shows a
receiver 96A according to the present invention. The trans-
mitter 95A in this illustrative embodiment includes an error
correction encoder 120 for encoding the Type-II information
packets with one convolutional code and an error correction
encoder 102 for encoding the Type-I information packets
with another, more powerful convolutional code or other
error correction code. In addition, the transmitter 95A also
includes block interleavers 103 and 121 for interleaving the
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encoded lype-I and Type-II information packets, respec-
tively.
The components in receiver 96A of FIG. 7D for reversing
the encoding and interleaving of the Type-I and Type-II

packets are the error correction decoders 110 and 125 and
the block deinterleavers 109 and 124.

A still further embodiment of the present invention with-

out an ARQ feedback channel 1s shown in FIGS. 7E and 7F.
A transmitter 95B is shown in FIG. 7E and a receiver 96B
1s shown in FIG. 7E. This embodiment is a modification of
the recetver and transmitter shown in FIGS. 7C and 7D,
respectively.

As shown 1in FIGS. 7E and 7F, this embodiment further
separates the Type-1I information into Type-IA and Type-IB
information and includes an additional encoding channel
and decoding channel for the Type-IB information. Specifi-
cally, transmitter 95B i1n FIG. 7E includes an additional error
correction encoder 120A, block interleaver 121A, and
4-DPSK modulator 122A for the Type-IB information. The
receiver 96B, in turn, includes an additional error correction
decoder.125A, block deinterleaver 124A, and 4-DPSK
demodulator 123A.

By way of example only, the Type-IB information is
encoded with the same code as the Type-II information,
namely a rate ¥2, memory 4 convolutional code, and the
Type-IA information is still encoded,with the more powerful
rate '3, memory S convolutional code. Alternatively, the
Type-1B and Type-II information may also be encoded with
unequal error protection, with the Type-IB information
encoded with more powerful error protection than the Type-
II information.

For purposes of illustration, in another embodiment, the
present invention multiplexes the Type-I and Type-II infor-
mation packets in advance of modulation. And on the
receiving end, the Type-I and Type-II information packets
are demodulated before being demultiplexed.

This embodiment 1s shown in FIGS. 7G and 7H. A
transmitter 95C is shown in FIG. 7G and a receiver 96C is
shown in FIG. 7H. The transmitter 95C is a modification of
the transmitter 95A shown in FIG. 7C. As shown in FIG. 7G,
the multiplexer 105 of FIG. 7C has been placed in advance
of any modulation, and only modulator 104 is used to
modulate the multiplexed Type-I and Type-II information
packets. -

A complementary receiver 96C is shown in FIG. 7TH.
Receiver 96C is a modification of the receiver 96A in FIG.
7D. As shown in FIG. 7H, the receiver 96 A of FIG. 7D has
been modified to place the demultiplexer 107 after the
demodulation of the Type-I and Type-II information packets.
Moreover, only demodulator 108 remains for demodulating
the interleaved Type-I and Type-II information packets.

Illustrative Marker Detection Embodiment

Although not mentioned above, transmission errors may
convert Type-II information into markers, which may result
in loss of the entire image, such as in situations where
Type-l information is converted to a start of image marker
(OxfId8) or end of image marker (0xffd9). To solve this
problem, a further embodiment of the present invention
includes a marker detector for detecting the presence of
markers 1n the Type-II information.

This 1illustrative embodiment of the present invention is
shown in FIG. 7I. The receiver 96D shown in FIG. 71 is a
further modification of the receiver 96A shown in FIG. 7D.
The receiver 96A in FIG. 7D has been modified in this
embodiment to include a marker detector 126 in the Type-II
decoding channel. The marker detector 126 examines the
Type-II information packets for Type-I markers or marker
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segments. If a marker is found, at least one f in the marker
may be replaced by a random bit pattern so that the JPEG
decoder (data sink 112) does not detect an erroneous marker
in the Type-II information.

Illustrative Embodiments with Hybrid ARQ
. Feedback

An 1llustrative embodiment of the present invention using
a Hybrid ARQ protocol is shown in FIGS. 8A and 8B. FIG.
8A shows a transmitter 55B and FIG. 8B shows a receiver
36B. This embodiment is a modification of the ARQ
embodiment shown in FIGS. 5C and 5D. In this embodi-
ment, an error correction encoder 78A and a block inter-
leaver-79A are added to the Type-I encoding channel of
transmitter 35A. In addition, a corresponding error correc-
tion decoder 83A and a block deinterleaver 82A are added to
the Type-1 decoding channel of receiver 56A.

The error correction encoder 78A in transmitter 55B of
FIG. 8A further encodes the Type-I information packets with
an error correction code in addition to an error detection
code. The error correction decoder 83A in receiver 56B of
FIG. 8B decodes the error correction code first before the
error detection code i1s used. This way, only in situations
where there are errors in the Type-I information packets
which the error correction decoder cannot correct, will a
request for retransmission be sent by the repeat generator 90
to transmitter 55B.

In this embodiment, the error correction code provided by
encoder 83A for the Type-I information need not be more
powerful than the error correction code provided by encoder
83 for the Type-II information. The Type-I information is
provided with more powerful error protection as a result of
the ARQ feedback channel anyway. For example, both the

“Type-1 and Type-II information may be provided with the

same rate Y2, memory 4 convolutional code.

FIG. 8C shows another illustrative embodiment of the
present invention, namely a transmitter 55C with multi-

- plexer 64 placed in advance of the encoding process rather

than after the encoding process. As mentioned above, mul-
tiplexer 64 serves to multiplex the Type-I and Type-II
information packets to take advantage of the time slots
between transmissions of Type-I packets.

After being multiplexed, the error detection encoder 62
appends an error detection code to each packet for use with
the ARQ retransmission protocol described above and the
error correction encoder 78A further encodes each Type-I
packet, by way of example, with a %2 repetition code, which
means that each Type-I packet is transmitted twice whereas
each Type-1I packet 1s only transmitted once. The packet
stream for this embodiment is shown in FIG. 6B.

A complementary receiver 56C (not shown) is provided
with this embodiment.

Illustrative Embodiments for Slow Fading Channels

Further embodiments of the present invention are set forth
in three co-pending patent applications to Weerackody
which use novel antenna diversity schemes to reduce the
effects of multipath fading on slow fading wireless channels.
The antenna diversity techniques serve to increase the

correcting power, and thus the error protection power, of an
FEC code.

The first Weerackody application is entitled “SWITCHED
ANTENNA DIVERSITY TRANSMISSION METHOD
AND SYSTEM,” application Ser. No. 08/414,987, filed on
Mar. 31, 1995 (Attorney Docket No. 22269.9888). The
second Weerackody application is entitled “FAST FADING
PACKET DIVERSITY TRANSMISSION METHOD AND
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SYSTEM,” application Ser. No. 08/485,928, filed on Apr. 3,
1995 (Attormney Docket No. 22269.9887). The third Weer-
ackody application is entitled “ORTHOGONAL POLAR-
[ZATION AND TIME VARYING PHASE OFFSETTING
OF SIGNALS FOR DIGITAL DATA TRANSMISSION 0OR
RECEPTION” application Ser. No. 08/159,880 filed on Nowv.
30, 1993 (Attorney Docket No. 22269.9503). In addition,
the antenna diversity techniques in U.S. Pat. No. 5,305,353
to Weerackody may also be used to reduce the effects of
multipath fading on slow fading channels and therefore
constitute further embodiments of the present invention. The
Weerackody *353 patent and the three Weerackody patent
applications referred to above are incorporated by reference
herein.

Illustrative Storage Embodiments

The present invention may also be used to reduce the
storage requirements for a JPEG image and thus the costs
associated with storing a JPEG image. In this regard, the
present invention is applicable to any type of storage device
known to those of ordinary skill in the art, including, for
example, electronic storage devices, magnetic storage
devices, optical storage devices, electro-optical storage
devices, and magneto-optical storage devices.

An illustrative storage system of the present invention 1s
shown in FIGS. 9A and 9B. FIG. 9A shows a recorder 125
according to the present invention, and FIG. 9B shows a
reader 126 according to the present invention.

The illustrative recorder 125 in FIG. 9A includes a
separator 132, error correction encoders 134 and 136, a

multiplexer 138, and a storage recorder (or writing) device
134.

The illustrative reader 126 includes a storage reading (or

playing) device, a demultiplexer 146, error correction
decoders 148 and 150, and a combiner 152,

In operation, the JPEG image is input from an input
device 130, which may be a standard JPEG encoder. The
separator 132 in the recorder 125 separates the JPEG image
into Type-I and Type-II information as described above for
the other embodiments of the present invention.

The error correction encoders 134 and 136 encode the
Type-1 and Type-1I information with unequal error correc-
tion, wherein the Type-I information is encoded with more
powerful error protection than the Type-II information. For
example, in the case of an optical storage disc, the Type-I
information may be encoded with a more powerful Reed-
Solomon code than the Type-Il information.

The multiplexer multiplexes the encoded Type-I and
Type-II information, as required for a particular application,

for storage by the storage recorder 140 in or on the storage
medium 142,

The storage reader 144, in turn, is used to retrieve or read
the JPEG information from the storage medium 142. As the
Type-1 and Type-II information 1s read from the storage
device it is demultiplexed for decoding on separate channels
by the error correction decoders 148 and 150. The decoded
Type-I and Type-II information is then combined by the
combiner 152 for use by output device 154. For example, the

output device 154 may be a suitable display device or
standard JPEG decoder.

In another illustrative storage embodiment, the separator
132 may further separate the JPEG image into Type-IiA,
Type-1B, and Type-II information and the combiner 152 may
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re-create the JPEG image from the Type-IA, Type-IB, and
Type-1I information.

This embodiment is shown in FIGS. 9C and 9D. Specifi-
cally, a recorder 125A is shown in FIG. 9C, and a reader (or
player) 126A is shown in FIG. 9D. This embodiment is a
modification of the embodiment shown in FIGS. 9A and 9B.
In this embodiment, an additional encoding channel has
been added to the recorder 125, and an additional decoding
channel has been added to the reader 126, for the Type-1B
information.

As shown in FIG. 9C, the additional encoding channel
includes encoder 136A. As shown in FIG. 9D, the additional
decoding channel includes decoder 150A. The Type-IB
information may be encoded with a Reed-Solomon code or
other error cormrection code which is less powerful than the
error correction code being used for the Type-I information.

Various changes and modifications of the present inven-
tion will be readily apparent to those of ordinary skill in the
art, and all such changes and modifications are considered to
fall within the scope of the invention as defined by the
appended claims.

We claim:

1. An apparatus for storing a JPEG image 1n or on a
storage medium with unequal error protection, comprising:

a separator for separating the JPEG image into Type-I and

Type-1I information;

an error correction encoder for encoding the Type-I infor-

mation with a more powerful error correction code than

the Type-II information; and

a storage recorder for storing the encoded Type-lI and
Type-II information in or on the storage medium.

2. An apparatus for storing a JPEG image 1n or on a
storage medium with unequal error protection, comprising:

a separator for separating the-JPEG image into Type-IA
and Type-IB information;

an error correction encoder for encoding the Type-IA
information with a more powerful error correction code
than the Type-IB information; and

a storage recorder for storing the encoded Type-IA and
Type-IB information in or on the storage medium.

3. An apparatus for reading encoded Type-1 and Type-lI
information of a JPEG image stored in or on a storage
medium with unequal error protection, comprising:

a storage reader for reading the encoded Type-l1 and
Type-II information stored in or on the storage
medium;

an error correction decoder for decoding the encoded
Type-I and Type-II information; and

a combiner for combining the decoded Type-I and Type-II
information.
4. An apparatus for reading encoded Type-1A and Type-IB
information of a JPEG image stored in or on a storage
medium with unequal error protection, compnsing:

a storage reader for reading the encoded Type-IA and
Type-IB information stored in or on the storage
medium;

an error correction decoder for decoding the encoded
Type-IA and Type-IB information; and

a combiner for combining the decoded Type-IA and
Type-IB information.
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